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NOVEL AMIND JOD EEEPARftniDN AND THERAPY 
• PCR 'TREMMEOT ;0F STRESS AND INJDICf 



' ' Backgrouid of the Indention 

5 This indention relates to a iiovel amino acid canposi- 

tion and its use in a metbod of treating a patieat for stress ^ 
or injtary. Mare specifically, it relates to a branched chain 
amino aciH octtposition having a pharmacological effect for 
treatmsnt of patients suffering iUxaess, sepsis, ttScuma or other 

10 injury* 

Descriptioa of the Prior Art 

The metabolic response to injury consists of many 
processes ^iiich have evolved over millions of years. The 
metabolic changes are best understood as a redistribution of 

15 nutrients f2xm labile reserves to more active tissues for host 

defense and reoovety. Other metabolic responses to injury include 
hyperglycemia/ increased rates of lipolysis/ gluconeogenesis, and 
glycogenolysis (Balckfaumf G.L. , Phinney, Surgical 
Physiology, Eidted by Burke J.F., Philadelphia, C.V. Mosby and 

20 Co., 1980; Wilxnare, D.W. ' Surg> Clin. Nbrtfa Am. 56, 999, (1976). 
Hi addition to increased amino acid catabolism, there is 
significant mobilization and redistribution of body protein* 
Mcronutrients such as zinc are also redistributed and increased 
Tj^taJce by the liver is iir^xartant in potentiating enzymatic 

25 functions required during injiary (Pekarek, R.S., W&memacher, 
R.W. , Jr., Beisel, W.R. Proc, Soc. Exp. Biol. Msd. , 140, 685, 
1965) . increased hepatic synthesis of i2:on-4Dinding proteins aids 
lynpfaocyte function as well as reducing the quantity of free iron 
available in pathog^iic micro-organians. Increases in plasna 

30 copper concentration in the form of ceruloplasmin may be involved 
in the regulation of catecholamines, prostaglandins, and serotonin 
(Powanda, M.C., Kfenyon, R.H., Woe, J.B. Proc. Soc. Exp. Biol. Med . 
151, 804, 1976) 
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Stress of injury such as trauma or sepsis often is 
acc aq Ta n ietj^'^'partial or caanplete dysfunction of the 
gastro-intestinal tract. Eatiaits suffering such qysfunctioi or 
who are subject to disuse of the gastro-intestinal tract because 
5 of physician's prescriptioi are d^liged to receive most or all of 
their daily nutritional requirements parenterally and/or 
aiterally. Bie object is to provide the patieit with as much of 
the noznal daily nutritional reguireostts as possible to sustain 
protein synthesis and avoid malnutrition. At the same tine, 

10 e5»rgy e^^oaditure and protein turnover are oftai increased, 

Thusr the body is often required to draw upon its own resources to 
nest n^tabolic needs. In uninjured man, nic*>ilizaticn^ of fat 
reserves occurs, within a few days of calorie restricticn and is 
effective in minimizing protein losses. BOwever, the adaptive 

IS procedire is much less efficient in severe stress or injury, such 
as infections, thermal injury, and sepsis, v*ere net loss of lean 
body mass may exceed 500 g/day (15-20 g urinary nitrogen 
excretion/day) . Diis decreased ability of injured or infected 
organisms to utilize amino acids for protein synthesis is a 

20 contributing factor in increase morbidity and aortalii^- of 
serioasly ill patiaits. 

In the past, infusion solutions used for intravenous 
feeding have conventionally caiprised an aqueous solutiai of a 
carbohydrate of hi^ caloric cbntait such as sucrose, glucose or 

25 the like. Such methods of treafcnent are shown by Dudrick et al, . 
"Total Intravenous Feeding", Scieni;H=fr! Ameriesn 73 (May, 1972) , 
which suggests the infusion of 1000 calories (glucose) per liter 
of nutrient solution, and Shils, "Guidelines for 1\Dtal Parenteral 
ttitriticn", J. ftmerican Med, fe^.^'^n (b) (1972) . 

30 It is known in the art, however, that during prolonged 

periods of ill nes s, and notwithstanding conventional intravenous 
feeding, there can be a significant loss of body weight. A 
portirai of this loss can be attributed to the mobilizaticn of 
stored fat, vbich is not a serious health problen. Another 

35 porticn of the loss in body wei^t, however, is attributable to a 
loss in the lean body mass, i.e., muscle, organs, etc, This loss 
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correlates to a loss of body nitrogen. More specifically/ cSuring 
a. period of negative caloric balancer the lean body niass breaks 
down releasing amino acids which are converted by the liver into 
glucose and urea^ the urea being excreted in urine. By 
5 determining the nitrogen content in urine/ the decrease in lean 
body m?=i<? can be determined. By this method/ a nitrogen balance 
can be made. A negative nitrogen balance means a loss in lean 
body Ti^gg — i.e./ the bO(^ is losing more nitrogen than it is 
taking in. Biis is a very serious prc*len as a sustained loss in 
10 lean body mass can result in morbidity/ ev^ mortality. Protein 
depletion/ particularly of visceral organs/ represents the single 
most isr^ortarfc aspect of trauma today. Thus/ if a seriously ill 
patioit/ fed intravenously/ loses about 30% of his origiuaa body 
wei^t/ death is likely. (Studley/ H.D./ "Percent of Weight Loss; 
15 A Basic Indicator of Surgical Bisk/** Jntimal- American- Medical- 
Assoc, 106: 4S8r and T&ylor and K^eS/ "Criteria of Physical 
Fitness in Negative Nitrogen Balance/" Anni NiY, Ac'B Sci, 
73:465/ (1358). 

To avoid losses in lean body mass, it is the practice 
20 to suEplCTfflt the conpositions used for parsrJ:aral feeding (the 
infusion solutions) with amino acids to replace the amino acids 
secreted by the lean body mass. A typical nutritional infusion 
solution coicprises an aqueous solution of carbohydrates/ fats and 
amino acids. However/ even when amino acids are parenterally 
25 administered with the infusion solutioi/ as aforesaid^ a negative 
nitrogen balance often is still aicountered over a sustained 
period of time/ with a concomitant reduction in lean body mass/ 
though the negative nitrogen balance might not be as severe as it 
would be in the absence of the infused amino acids. Ihus/ the 
30 period of time that parenteral f eedizsg can be utilized as a sole 
means of nutrition is extended by the use of amino acids / but for 
many illnesses / the period of time is not extended sufficiently to 
avoid the serious effect of a prolonged net negative nitrogen 
balance. 

35 m D.S. Patent No. 3/920/838/ the disclosure and 

t e ac h i n g of which/ in its entirety/ is incorporated herein fcy 



wo 82/00411 



-4- 



PCTAJS81/01028 



r^eraice, an amino acid therapy was disclosed for patieits during 
periods of severe negative caloric intake due to dysfunction or 
disuse of the gastro-intestinal tract, which method is a radical 
d^arture fran prior methods* ISaat method conprises parenteral 
5 feeding of amino acids to the patieat while snbstantial^rr;- 
elminafcinq-Qfcher seureeg- o^h^ah ralortg rmj-rii-i^ (such aS 
glucose) during the period in whidi the patie:it is pareiterally 
fed, thereby intentionally creating a condition simulating 
starvation ketosis- Biusr the method has for an object inducing a 

10 condition simulating starvation ketosis, whereas the prior methods 
have for an object avoidance of stcurvation (Dudrick et al and 
S ki l S f -stapra) ^ Wiat osvel Iwpocaloric method of treataneit is 
based in part on the recognition that starvation ketosis occurring 
during severe negative caloric balance allows more adequate fat 

15 nobilizaticR, wherdby eidogenous fat stores meet almost all the 

patient's oiergy reguiremeits with little or no catabolism of lean 
bo^ mass protein. Parenteral administration of carbohydrate, on 
the other hand, oftoi is not possible in sufficient amount to meet 
e»rgy requiranetits, and yet acts to inpede fat mdailizatioi. 

20 consequently, such pareiteral administration of carbohydrate has 
the counter-prodbctive effect of causing protein catabolism and 
net nitrogei loss. 

Hois, in accordance with that novel Iwpocaloric method 
of treatanoit, a patieit can survive longer during periods of 

25- disuse of the gastro-intestinal tract, evai though suffering 

starvation ketosis, than with caivQitiaial methods, because the 
method avoids losses in the lean bo<^ mass. Cie explanation is a 
substantial oversinplif ication of the body chenistry involved 
<^ g^ starvation ketosis. A more complete and accurate 

30 description is set forth in the specification of U.S. Patent No. 
3,920,838. 

Beyond the advance disclosed in U.S. Patent 3,920,838, 
th^e remains considerable uncertainty as to the qptimal 
nutritional regimen for parenteral administration to a patient. 
35 For lade of a more sound basis, amino acid solutions for 

intravasous alimintation in the past have beax based on an analogy 
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witii eagperlmentally derived oral requironent or with the amino 
acid contait of normal body fluid- Bjese known soluticans are 
formulatedf however r for use in conjunction witii other sources of 
nutritiair including typically a carbohydrate of high caloric 
5 contentr such as glucose* In U.S. Patent 3/832^465/ an amino acid 
solution is disclosed for use with glucose f for administration 
especially to newborns/ prematures and patients in the neonatal 
periodr in whi<± amino acids are present in proportion to the 
anabolic need of the body without heavily relying on the catabolic 

10 capability of the liver. On the basis that parenterally 

administered amiiw acids by-pass the liver in large part and thus 
avoid the major catabolic pathways of that organ^ the amino acids 
CQiqpositicn is designed so that its administration does not change 
the pattern of the free amino acids of the peripheral blood- 

15 Such prior approaches do not recognize or provide for 

the body's E^ysiological response to trauma, sepsis or other 
injury* Failing to recognize the altered j*ysiological state of a 
body suffering stress or injury> known amino acid solutions for 
intravenecus infusion have not presented the optimal configuration 

20 of amino acids to the patiari;* Consequ^.tly/ th^ do not 

adequately or properly meet the nutritional requiranaits of a 
patient suffering stress or injury* Moreover , known methods of 
treatittffit and known amino acid solutions are not formulated or 
intended for use in connection with the nitrogen sparingr low or 

25 no carboi^drate/ parenteral alimentation diet disclosed in U«S. 
Patent 3,920,838* Especially where parenteral alimentatioa will 
be prolonged or where the stress or injury is severe, a 
nutritional therapy is needed, which is not only compatible with 
such low or no carboi^drate approacdi, but which also provides the 

30 optimal nutritional regimsi to promote patient recovery* 

Accordingly, it is an dDject of the present invention to 
provide a pharmaceutical preparation carprising an amino acid 
composition for treatmait of a patient daliged to receive 
nutritional requiranents via parenteral or e nteral ad ministration, 

35 to optimize the nutritional regimen. this regard, it is an 
doject to provide an amino acid ccn^sitioi which is con^tible 
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for prolonged use in the nitrogen-sparing alimaitation of a 
patisjt suffering stress or injury and vbida. andno acid V- 
conposition will prcanote wound healing/ host defaise, innune ) 
copg^g icey n on-sepsis and survival of the patient. ^^"^^^ 

It is anot±er"d3ject 6£ the present invention to provide 
a pharmaceutical preparation comprising an ^<p>i acid solution 
suitable for use either alone or in conjunction with aiy 
nutritional thereby to prctnote wound healing, host defense, ininune 
coopetQice, non-sepsis and survival of a patisit prevented from ' 
full and effective use of the gastro-intestinal tract and 
suffering stress or injury. 

It is another object of the present invention to provide 
a jdannaceutical preparation coaprising an amino acid ccn^ositicn 
in suitable hydrous concaitrations for eitral feeding. 
IS It is a further object of the present invention to 

provide a method of treatmaat of a patient requiring eitral or 
parerteral alimentation and suffering stress or injury. 

It is a further object of the present inventioi to 
provide a method of treatment to promote wound healing, host 
defense, immaie conpetence, non-sepsis and survival of a patient 
iprevented from full and effective use of tie gastro-intestinal 
tract and suffering stress or injury. In this regard, it is an 
object of the present invention to provide a unique, 
nitrogen-sparing nutritional therapy coaprising actainistration of 
25 l±e novel pharmaceutical prqoaration of the invention via 
pareiteral or eiteral alimentation. 
Statenent of-hh^ Tnyipp^f^ ~ 

Ohe invention described herein is a pharmaceutical 
pr^aration comprising a novel amino acid conposition and a method 
of treatment enploying it, for treatment of a patient suffering 
stE^s_or -injuryi_^ecially during periods of partial or total 
dysfunction or disuse t±e"^sE oint^tin^ tract, to promote 

s^^val. .Boe Efcarmaceutical preparation of the inventioi 
35 <»^§fe5 an amino acid conposition in which at least about 70% 
and preferably as much as 100% of the amino acid content is the 



20 



30 
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branched chain amino acids, leucine , iso leucin e,,3pd v g^ine^ i n the 
relative prqporticns of ab out a;b:c vherein a, b and c are each 
independent of the other and have a value of frocn 1 to 2. Biis 
novel branched chain amino acid oawposxzicn can be entsrali^' 
5 administered in ai^ suitable hydrous concaitraticns. For 

paraiteral adhdnistraticn it can cozprise an inf usicn solutioi in 
which the total amino acid content is betwe» about 2 and 6%, and 
preferably is 4% Most preferably/ this novel amino acid solution 
is presented in modular form suitable for use either alone or 
10 together with other infusion solutions as one ccn^nent of a 
nutritional regimen^ ' 

Another aspect of the present invention canprises a 
method of treatment for a patient suffering stress or injury/ 
especially during periods of partial or total dysfunction or 
15 disuse of the gastrointestinal tract/ to promote wound healing/ 
host defense/ iizznune ccmpetaice/ non-asepsis and survival* This 
novel method cortprises the administration to the patient/ via 
enteral or preferably, via paroiteral infusion/ of the novel amino 
acid cozi$30sition of the present invention. This method of 
20 treatment can ccnprise the entire nutritional thera^ fo^ the 
patient/ or may comprise one part thereof. 

In one preferred enbodim^t/ the present invention 
comprises both administration of the novel amino acid coicposition 
and, simultaneously/ the develqpnent and maintenance of a 
25 metabolic state siinulating caloric starvation/ by substantially 
withholding exogenous carbohydrates from the patient. 

The present invention is characterized by inproved 
wound healing, host defense immune competence/ non-sepsis and/or 
survival by prcmoting protein synthesis in the patient. Jtore 
30 specifically, both whole body protein/ especially muscle and/ most 
inportantly/ liver protein synthesis are promoted by the present 
invention. Ohe invention is further characterized by reduction or 
i^ar elimination of net nitrogen losses or even by net nitrogen 
gain, obtained most significantly by increased protein synthesis 
25 in both muscle and liver. 

The invQition described herein is based partly upon the 
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recognition that the visceral tissues and secretory liver 
proteins r including albumin and transferrin, are critical to 
effective and successful patiait wound healing/ host defense, 
inxnune conpet^ce, nonr-s^sis and survival. Accordingly, 
increased liver protein synthesis will inprove wound healing, etc. 
Die invention is also based upon the discovery that the synthesis 
of whole boc^ proteins, including liver proteins, during periods 
of stress or injury, is prcmoted and inproved by the 
administration, either alcae or in conjunction with other 
nutritional coaponents, of the novel amino acid ccnpositicn of the 
present invsition consisting essaatially of at least about 70% and 
preferably as much as 100% barahGhedHaiain amino acids CBe«ftJ . 

Hat such a nutritional regimen could increase the rate 
of liver protein synthesis, and in turn luprove patient wound 
15 healing, etc., is not only surprising, but is a radical 
departure frcm the art. Biat is, the newly discovered 
ph ar m a c ological ^ect of branched chain amino acid ccaiposition of 
the present invention, specifically, that such solution will 
imrowe visceral protein synthesis in the stressed body, is highly 
20 surprising since the prijnaiy site of metaboliaa of branched chain 
amino acids is well known to be in the muscle. Baas, previous 
investigations into branched chain amino acids have related to 
imsde metaboliaa and conpetitLon for neutral amino acid transport 
across the blood brain barrier and not to the effect of branched 
25 chain amino acid effect on protein synthesis in visceral tissue. 
ISds invention is based, in part, on newly discovered aspects of 
the body's response to stress or injury, involving the 
redistribution of body ceU mass (protein and intracellular 
electrolytes) to sustain anabolic processes in most visceral 
organs, i.e. liver, bone marrow, kidney, gastrointestinal tract, 
lynph nodes, and other reticulo-endothelial systen tissues. Diis 
redistribution of body cell mass has now surprisingly been 
discovered to be, in faim, dependent vrgem muscle energy metabolism 
and its interaction with oxidation of branched chain amino acids- 
35 •She invention will be more fuJLly understood frcm the detailed 
description and exanples which follow. 



30 
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DescriptioiT'gf'thg Drawings 

Fig. 1 is a diagraznatic illustration o£ the experimental 
method used to estabish a stress model. 

Pig. 2 is a graphical illustration of whole body protein 
5 dynamics in the stressed and unstressed body. 

Fig. 3 is a gr^hical illustratxOT of protein synthesis 
rates of individual tissues in the stressed and unstressed body. 

Fig. 4 is a graphical illustration of plasma substrate 
concentrations in the stressed and unstressed body. 
10 Pig. 5 is a graphical illustration of the attainment f 

over timer of an isotopic steady state in the percent recovery of 
infused isotope in e^^ired breath frcm the unstressed body and 
frcm the stressed body receiving one of various diets* 

Fig. 6 is a graphical illustratiai of whole body protein 
15 dynamics in the stressed body receiving one of various diets. 

Pig. 7 is a gr^hical illustration of liver protein 
synthesis rates in the stressed body receiving one of various 
diets. 

Pig. 8 is a graphical illustration of muscle protein 
20 synthesis rates in the stressed body receiving one of various 
diets. 

Pig. 9 is a gr^hical illustration of ugget small 
intestine protein synthesis rates in the stressed body receiving 
one of various diets. 
25 Pig* 10 is a graphical illustration of pancreas protein 

synthesis rates in the stressed body receiving one of various 
diets. 

Pig. 11 is a graphical illustration of the net nitrogen 
balance in the stressed body receiving one of various diets, 
30 Pig. 12 is a graphical illustration of plasma substrate 

concentrations in the stressed body receiving one of various 
diets. 

Pig. 13 graphically illustrates urinary nitrogen loss in 
septic rats receiving one of various diets. 
35 Statistical analysis of data presented in the drawings 

was performed using analysis of variance (A1X77A) r and least 
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Significant differences (LSD) « StipecscriptSr b, and c 
designate differ ^ces at t±ie 95% confidence level* 

In the description of this invention, the term "patient" 
5 is intfflded to mean any patient treated or treatable with or in 
accordance with the preset invention* Bie reason for treatmmt 
by parenteral administration of amino acids is not critical, it 
being ui^derstood that such treatment is necessitated fay the 
condition of the patiarxt, \^ether it be due to trauma, sepsis, 
10 TiTnggg or other injury or st ress^ ^ 

!Ihe term "'^fflnino acid" as used herein is intended to mean 
those amino acids used in patient ther^y such as those L— amino 
acids, both essential and nonr-essential, conventionally infused 
into patients along with glucose* The term is intended to include 
15 Hceto analogs, di-aor tripeptides. 

The term "branched chain amino acid" and "BCaft." refer to 
the amino acids valine, le ucine, and isoleucine, collectively. 

The tem~^*nitrogen balance^ refers to the difference 
beuveai intake and excretion of nitrogen* A Xiegative nitrcgen 
20 balance therefore refers, to a loss situation where the excretion 
of nitrogen exceeds intake* 

The term "starvation" means the condition known in the 
art to exist in a patiait as a result of deprivation and lack of 
nouri^OTt* As used in relation to patioits treated in 
25 accordance with this inveition, it is used in a slightly different 
sense as the patient will exhibit the eiergy metabolism of 
starvaticai/ such as ketosis, due to hypocaloric feeding* 

The term "parMteral administration" is used in- its 
conventional sense to include intravenous infusion to peripheral 
30 veins as well as other methods known to the art* 

The novel BCRA canposition of the present invention, and 
its use, provide a significant advance over known infusion 
solutions and known nutritional therapies in promoting and even 
optimizing increased protein synthesis. Both whole bod^ protein 
35 synthesis, especially nuscle; and, most iji^ortantly, liver protein 
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synthesis are increased more efficiently than with such known 
solutions and thers^ies, Tfhile it is known in the art that liver 
protein synthesis is of vital lnjxjrtance to effective wound 
healing^ host defense^ inxnune com^tence nonrsepsis and survival, 
5 it is highly surprising and contrary to the teaching in the art 
that adninistration of BCAA could significantly and even most 
efficiently increase liver protein synthesis* In view of the 
known fact that BC?A are metabolized virtually exclusively in 
muscle, and not at all in liver, it is highly surprising that 
10 phamaceutical pr^aration coi^rising at least about 70% and 
preferably as much as 100% BCRA could prctnote liver protein 
synthesis in a stressed bo<^, and thus prcnK5ts and even optimize 
wojnd healing/ host def^xse, immune compet^ce, non-sepsis and 
survival* 

15 Efficiency in this regard is of critical irc^rtance in 

view of the limited volume of infusion solution which can be 
accepted by the patient, and in view of the limited solubility of 
the nutri^its in the infusion solution. Ohus, an aqueous amino 
acid solution is limited to about 4% concentration at pa 6 and to 

20 about 6% at pH as low as 2 or as high as 9. Thus, the novel BCMi 
conposition of the present invention can be presented in the form 
of an infusion at a concentration of from about 2% to 6% but 
preferably about 4% and is at about pi 6. The 6% solution, while 
within the scope of the invention, is less preferred in view of 

25 the necessity of pre-infusion pS-adjustment. For conveni^ce, 

ref eroice herein will be to the 4% solution with the understanding 
that solutions of f rem 2 to 6% are intended to be included 
therein. 

In view of these limitations on the amount of 
30 nutritiOTal si^port which can be provided to a patiait, it is 
typically iirpossible to replace all of t±e normal nutritional 
intake of a patiait suffering partial or total dysfunction or 
disuse of the gastrointestinal tract. In that situation, if the 
patiant is also suffering stress or injury it becomes of vital 
35 iJiportance to administer a nutritional therapy which most 
efficiently pranotes wound healing, host defense, iramme * 
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conpet^icer ncan-sepsis and survival* The novel BCRA carpositicn 
of i±e present invention provides such a nutritional therapy. It 
has now been discovered that this novel conipositionf whether used 
alone or together with other nutrients r provides, on a 
5 weight-for*-weight basis r the greatest increase in liver protein 
synthesis and, consequently, the most efficient support for 
pati&xt wound healing, host def ^ise, iiiznune cacpetence/ nonrsepsis 
and survival* 

While not intending to be bound by theory, an 

10 explanation of the now discovered function of the novel BCSA 

coscposition in facilitating the body's ^lysiological response to 
stress or inju^, as pr^ently understood, is us^ul to an 
understanding of the invention. For this purpose, Figs« 1 to 4 
show a "stress models' that is, a profile of the body's 

15 jtysiological response to stress or injury. S^ifically, a 

comparison of healthy versus traumatized rats is presented for its 
aEplicafaility to mammals generally, and to humans particularly, 
Fig» 1 graphically illustrates the esperiioental method en^Jlqyed to 
establish the stress model. The following exairole further 

20 • describes the method. 

S?taTtpltf JL 

S&rague-^Jawley O) rats (200-250 gm) underwent venous 
canulation and were returned to metabolic units where they 

25 received normal saline, 35 mOL/day, and were allowed to consume 

s tand ard laboratory chow and water ad libitum for four days* The 
rats were then fasted overnight, following which pancreatitis was 
induced in all but a control group. For the next 30 hours both 
control rats and pancreatitis rats were fasted. During the final 

30 S hours of feeding, all rats received continous infusion of L-CD-^^ 
CJtyrosine to determine whole body amino acid oxidation and 
fractional synthesis of whole body protein. The rats were then 
sacrificed. 

RgSttltgT Fig. 2 gr^hically illustrates and CQiroares 
35 the whole body protein dynamics in the traumatized and 

non-traumatized fasting rats. Protein breakdown, synthesis and 
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oxidation were increased in the traumatized rats. Net nitrogen 
loss was also increased over the fasting control. Pig. 3 
illustrates and corr^ares the percent per day protein synthesis 
rates of individual tissues* The body's response to stress is 
5 shown to include increased synthesis of niuscler upper small 
intestine and especially liver protein.. As would be expected, 
pazicreas protein synthesis is lowered in the pancreatitis rats. A 
significant aspect of the stress model is illustrated in Fig. 4f 
shoeing the plasma concentration levels of glucose and of 
10 -iydroxybuty rater a ketone body produced by the liver. Stress is 
shown to have resulted in significant changes in the blood 
CQncentrations of energy fuel substrates. Hxe glucose level is 
higher in the stress nicdelr yhUe the level of ketone bodies is 
decreased. 

15 It is well known' that an inportant function of dietary 

protein is to fiimish the substrate required for tissue and organ 
protein synthesis. However, as illustrated by the stress model of 
Exanple 1, during stress or trauma, infection, or other injury, 
significant alternations in protein metabolism occur as part of 

20 the body's natural response thereto. In particular, protein 

metabolism is altered such that there is a net breakdown of muscle 
protein to amino acid to provide substrate to sustain wholeHbody 
protein synthesis. Baitilization of these amino acids for 
visceral protein synthesis, particularly acute phase proteins, 

25 liver secretory proteins, and leukocyctic activity is a major 
cacponent of the metabolic response to injury. 

However, excessive loss of lean bo<3y mass through 
protein breakdown is ultimately harmful to patient recovery and 
survival. The present invention now provides a nutritiaial 

30 conposition and nutritional therapy for a stressed body which 
supports and increases the fractional synthesis of whole body 
protein, especially muscle and, more importantly, mixed liver 
proteins, more effectively than known nutritional solutions and 
therapies. Moreover, the present Invention reduces net nitrogen 

35 loss more efficiaitly than other previously known therapies. Ihat 
the present invention provides a pharmacological effect not due 
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merely to the ingestion of a-amino nitrogenr is aj^arent f ran the 
fact that the same results are not obtained even with 
isonitrogenous diets consisting of Ir-alanine, (which amino acid 
mic^t have been e3cpected to produce optimum results since it is 
5 metabolized in both liver and muscle and thus supports protein 
sparing mechanisms in both«} Moreoever/ since BCA& are not 
metabolized in the liver, the effectiveness of the present 
invention to promote liver protein synthesis is highly surprising. 

Smt this pharmacological effect is not r^roduceable by 

10 aiy other amino acid configurations in similar amounts is believed 
due to the unique ketog^c nature of the BCAA. The BCMi are 
ketogenie preoirsecs which allow the stressed: bod^ to utilize 
ketone bodies \rtiich are being depleted by the injury or stress. 
Pig. 4 shows the d^etion of the ketone body -lydroxybutyrate 

15 in the stress model of Ebmmple 1. In the stressed body there is 
decreased oxidation of non-protein energy substrates/ including 
glucoser as shewn hy the increased plasma concentration of glucose 
in the stressed body (Pig. 4) . Hvperinsulinemia results and 
fosters reesterif icaticn of free fatty acids within the adipocyte, 

20 • therday decreasing net free fatty acid release and thus its 

oxidation rate* Deficiencies in these competing endogenous energy 
fuels in the stressed body create an energy deficit met by 
increased branched chain amino acid oxidation. While the 
regulatory mechanism remains hypotheticalr it is presently best 

25 understood as COTpetition by carbodydrate, fat, and protein 

metabolites for Co-A-SH. This conplex physiological response to 
injury can be counter-productive whai nutritional intake is 
limited by the need to rely on par^teral alimentation. In that 
circ umst a n ce, if the essential amino acids necessary to support 

30 wound healing and honeostasis, are not otherwise available, the 
body will sacrifice lean body mass. Bius, in the stressed body, 
the availability of BCaA is believed to be the major determinant 
of gluconeogenisis, ketogenisis and of the rate of protein 
catabolism. More specifically, the novel BCaA coroasition of this 

35 inveAion provides for keto-adaptation and provides for protein 

synthesis of hepatic export proteins such as albumin, transferrin. 
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i3inEunoglc*ulinSr and C-3 conplQiient all of which are Mportant for 
host deffflse and recovery from injury r sepsis f infection and other 
acute illness* Ciusr oxidation of branched chain amino acids 
during periods of post injury and starvation may be a rate 
S / Hm4Hng st^ in the md:ilization and redistribution of body amino 
acids for synthesis of visceral an acute phase proteins. 



functiai of the BCSA oonposition of the invention in a stressed 
body having a limited source of alternate ketogaiic precarserSf is 
10 intended to facilitate an understanding of the invention. It iSf 
howeverr theoretical in part/ and might ultimately prove 
inconplete and/or otherwise inaccurate. In any event/ there is no 
intent to be bound by such theoretical e:^lanation* 



15 invention preferably consists essentially only of branched chain 
amino acids / alternately it can coir^rise sane amount of other 
essential or non-essential amino acids or other components such as 
other nutritional catt?X5nentSf for exatiple glucose, Hxusr the 
novel BCaA solution can ccsaptise as much as 20 or even 30% of 

20 amino acids other than the branched chain amino acids. It should 
be recognized however/ that a corresponding decrease in the 
efficiency of the infusion solution to pronote wound healing etc. / 
would be expected with reduction in the total amount of BCAA 
intake, 

25 Ae ratio of the branched chain amino acids in the novel 

CQc^sition of the invention/ i.e,/ A:B:C wherein A/ B and C each 
independently of the others has a value of from 1 to 2, provides 
the maximum efficacy and efficiency in pranoting wound healing, 
nonrs^siSf ianune cor^tence and survival/ vAiile thhe 

30 con^siticHis outside that ratio range would be efficacious/ but 

less efficient, Ihe ratio A:B:C/ as defined/ is necessitated/ for 
optimal efficiency/ by the integration of the individual 
metabolism of . each BCAA/ and by the amino acid pool size and 
turnover rate, 

35 According to the nutritional therajy aspect of the 

present invention/ such other nutritional cacponents may be 



!flie foregoing explanation of the pharmacological 



While the novel BCAA conposition of the present 
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presented via tiie same solution with the BCAA. or via separate 
solutions administered sjjnultaneously or altematelj with the 
novel BC%A conposition* !Ihe novel BCAA coci^sition is preferably 
adninistered by parenteral infusion, such as by I.V. while 
5 perigfoeral vein infusion is preferred as the more routine method, 
administration can alternately be via the central vein or the 
portal vein system. Alternate to, or in additicn to the pareiteral 
adninistration of the novel BOA solutioi, the method of treatnent 
of this invention can coiprlse the eiteral alinsitatLcn of the 
BCaa ccn^ositicn in various hydrous concentrations, administered, 
for exanple, using an artificial gut systan typically used for 
such enteral feeding. In this use, the BCAA need not be fully 
dissolved ii±o soltztion, and thus concentrations considerably 
bl^er than 2 to 6% can be used and such higher concentratioi 
IS solutions are within the scope of the invaition. 

Regarding dosage, the novel ECAA solution of the present 
invention will be most useful v^en the patisit must rely on 
nutritional intake via parenteral administration. Especially 
during the initial stage of treatment, the B(2A ccn^sition of the 
20 invention can be pres^ifeed as a BCM. solution as dsscribsd above. 
Bie solution is preferably infused in the maxijnum amount tolerable 
by the patient, l^ically no more than 500 to 1000 ml per day of 
the novel BCSA solutin would be actainistered, but even ISOC and/or 
more can be administered. If other infusion solutions are also 
25 adninistered, there would be a corresponding decrease in the 
amount of the BC3i& solutioi. Osing the preferred 4% BOiA 
solution, the rate of infusion is preferably adjusted so thaTlrcm 
abillt 20 to 40 gramg-of BCRk are-delivered-jS^dsy, oT " 
proximately .3 -to /? gm of BCRA pe r kg body weight per day. 
2° Whe3^^ 
presented as a BCAA solution, it is most preferably in the form of 
a modular unit adapted for direct connection to I.V. tubing for 
parsiteral infusion. .Ihe modular unit can conveniently contain, 
for exan^e, 500 ml of the novel BC3VA soluticai. In an alternative 
35 embodiment, the BC24A ccn?x5sition can be anhydrous form, suitable 
for mixing with water and, if desired, oi±er nutrieits. In a 
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further alterziative enbodimentf a bodular unit can contain a 
pre-roeasured amount of the BCRR, composition in anhydrous formr and 
be adapted to receive that voliane of water (sterile water if for 
pareiteral infusion) suitable to ccnipose a unit dose of the novel 
BCaa coiposition as a solution or other hydrous concentration, 
5 It should be noted that these branched chain amino acids 

can be o-keto analogSf di-- or tripeptides and can be combined in 
aqueous solution with other amino acids r suitable electrolytes r 
fatSf carbohydrates, alcoholsr pH adjusters and the like, 
typically used in parenteral adninistrationr without departing 
10 frcA the scope of the invention. 

While the BCSA cociposition of the present invention will 
be effective and useful in ary MSiticnal therapy to prcmote 
wound healing, etc.. in a stressed body^ one most preferred aspect 
of the present invention is a method of treatment ccnprising 
15 administration of the BCA& corposition and simultaneously 
developing and maintaining the natural a metabolic state of 
injury/ illness, etc., wherdsy, endogenous fat is readily 
mobilised, as previously described. In this nutritional therapy, 
the novel BQiA solution is administered while substantially 
20 limiting or totally withholding exogenous high calorienutrients 
such as carbohydrates f ran the patiait to limit the counter 
regulatory effects of such exogenous calories.. Use of the BCAA 
conposition of the present invention in such ther^y has now been 
discovered to promote or even to optimize patient wound healing, 
25 host defense, iumme corcpetence/ non-sepsis and survival in a 
patifflt suffering partial or total dysfunction or disuse of the 
gastrointestinal tract, by as presently understood, most 
efficently increasing whole body protein synthesis, including 
muscle and especially liver protein synthesis, while minimizing 
30 net nitrogen loss or even producing a net nitrogen gain. 



33 



Sprague-Dawl^ CD rats were pr^aared to the point of 
trauma as described in Exanple 1. Following the inductions of 
pancreatitis in all but a control group, the pancreatitis rats 
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were each givai one of 5 diets for a 30 hour periods 1} fasting; 
2) BCRA (200 mg N) ; 3) L-alanine (200 mg N) ; 4) glucose (7.2 cal) ; 
and 5) fat (7.2 cal) . The control groqp was fasted. Curing the 
final six hours of feeding, all rats received continuous infusicn 
S of a tracer quantity of Ir(0-14C) tyrosine to determine whole body 
endogenous amino acid oxidation and fractional synthesis of 
protein according to the method of James \JPS, Garlick HT, Sender 

HI, et al.r Studies-Qg-Anrfne-Aeid And ProtoiTr-^t»fahf>1-hsm-TTr-Mr.rrt^T 
MarrWitir^>^fO-14C rt-fymgrrw^. ain. Sci. Mbl. Med. 50-525 (1S76) ; 
10 aia3 Blackiwm GL, Moldawa: ILr Usui S, et al. , Branehgd Chain- 

amlno-Aeid Adnttnistration-And WeteboManrPrnHng-StargaMn n-r-^arY 
and- Tirfpehton. Surgery- Vol* 87 (1979) , bot* Of i*i<* are 
incorporated herein I:y refereice. 

Resgl^sr Fig. 5 shews the steady state attained in the percentage 

15 recovery of the infused isotope in the Quired breatii of the rats. 
Ihe BG^ diet produced the greatest reduction of endogenous 
tyrosine oxidaticn, to a degree not obtained by the isonitrogenous 
Iralanine diet. Taking the kinetics of tyrosine metabolian as 
r^reseatative of amino acid in geieral, the BdA diet B»st 
.20 in^oved. the reutilizaticn of csuino acids released by protein 
breakdcmir and, correspondingly, most reduced the oxidation of 
endogenous amino acids. 

Fig. 6 gra^cally illustrates and ccoperes whole boc^ 
protein dynamics in l±e stressed and unstressed rats. It can be 

25 seex that oxidatim of whole body protein in lowest and roughly 

equivalent for the two isonitrogmous diets, that is, the BCaA and 
the Ir-alanine diets. Of critical significance however, is the 
increased whole body protein synthesis produced only by the BC3iA 
diet. More specifically. Pigs. 7-10 graphically illustrated and 

30 coapare the protein synthesis rats in the stressed rats receiving 
the various diets. Bie hypocaloric, 100% BCRA infusion solution 
shows the most effective prcmotiai of protein synthesis in 
pancreas (except for the glucose diet) , upper sawT i intestine, 
muscle and most inportantly, liver. 

35 . Fig. U graphically illustrates and coi^ares the nitrogen 
balance achieved with the various diets. The hypocaloric 100% 
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BdA diet results in the nKDSt favorable nitrogen balance* 

Pig, 12 graphically illustrates and ccaipares the effect 
of the various diets on plasma glucose and ketone body 
concentrations in the stressed body. OSie hypocaloriCf 100% BOiA 
5 diet is shown to promote a hetogenic state, rather than a 
glucogenic state* 

Ttxe results o£ Essssnple 2 demonstrate a phannacological 
effect not explained solely by the nitrogen cont^t of the novel 
BCAA infusion solution of the invention, in view of the poorer 
10 nitrogen balance achieved with the isonitrogenrac L-Alanine diet. 
While each diet inproved nitrogen balance over fasting in the 
stressed boc^/ the nitrogen sparing mechanisms are shcvm to be 
different. Table I outlines this phenomena* 



T!^fff iff T 

6REAKZX39N SSNIHESIS CBOIIATICS? 



BCAA ' • • 

L - ALSNINE + + ^ * 

FAT + + — ^ 

20 GLDOOSE + 

Moreover/ only the novel BCRA composition effectively stimulated 
liver protein synthesis* While muscle protein synthesis was 
significantly increased with both BCAA and L-Alanine 
admini s tration, and no significant change in protein synthesis was 

25 observed in either upper small intestine or pancreas with any 
nutrient therapy, these are far less important to patient wound 
healing, etc. than the liver proteins. Accordingly, the novel 
BCaa ccffiposition and method of treatment of the preseit invention 
are unique in the ability to reduce net nitrogen loss by a 

30 nitrogen sparing mechanism which promotes patient recovery and 
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survival inare efficiently tban can be achieved with any other 
laiowa isonitrogenouS/ isocaloric nutriticnl therary. There is 
also better phagocytic activil^ and decrease in loss of all amino 
acids in the urine supporting the iin po rt ance of branc±ed chain 
asino acid ooiipo sition as enhancing visceral tissue function 
(i.e« f liver, bone marrow, and kidney) • 

Exanple 3 

Fasted-septic rats were infused \ath isovolecnic diets 
containing: 1} BC2^ (210 iDg Nitrogen/day) ; 2) L-Alanine (210 xrg 
Nitrogen/day) ; or 3) were fasted. Results; As shown in Fig* 13 
t±e BCAA. diet reduced nitrogen loss by 30% as compared to ^sting 
tiie ison itrogen ous LrAlanine diet did not produce coigarable results, 
Ihus, the nitrogen sparing mechaniaci can not be explained as merely 
the result of providing a-amino acid nitrogen and/or amino acid 
calories* 

Example 4 ' 

Ten middle aged patients with acute hepacellalar failure 
encepbapathy associated with an eventual admission mortality of 
6C% / stT! 'Tdlf^d . BttSeline bleed san^les were taken t>rjfofre 
oamwf icing than on a study period of 6 days during vMch they 
recei^ved i ntrav>g nous nutrition sii^plying 1500-2000 K cal per day 
as glucose and intralipid, salt poor albumin \^ere indicated and a 
supplement of 40g of leucine^ isoleucine and valine in a 1:1:1 
ration, for 3 days foUowad by 40g of a standard corolete amino 
acid mixture for the renaining period. The nitrogen balance was 
estimated throughout the test period and blood sarrples were taken 
on da^ 3 aiid 6* 

Besulsts: Mean valiES for the 10 patients are shown in Table U: 
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• Table n • (# p<o;Q5 by -Nxm) 



Valine Iso Leucine bal 
leucdjae 

iii^/M. gn/d 

BASELINE .13 .01 .05 

SD ± .05 ± .01 ± .04 

BOA .321 # .107 # .133 •'+1.7S 

SD ± '.119 ± .04 ± .07 i 4.47 



AJl. .13 . 03 . 06 -1.37 

# 

SD ± .08 ± .03 ± .05 ± 4.78 



The increased levels of the BCAA. are accaipanied by a roazkedly 
inproved nitrogen balance a net nitrogen gain, viiereas the 
ccn^ete amino acid mixture resulted in a net nitrogen loss. 
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I claim? 

!• A pharmaceutical preparation for use in the 
treatment of stress or injury in a maminal, 
CGQiprising an amino acid ccn^siticnr wherein 
5 the amino acids are f roa about 70 to 100% 

valine/ leicine^ and isoleuciner collectively/ 
in a ratio of A:B:C/ A, B and C each 

indep^:idently has a value from about 1 to 2* 

2* A ^armaceutical preparation according to 
10 claim 1 v^erein said amino acids are about 100% 

valiner leucine/ and isoleucine, collectively* 

3 A phanmceutical preparation according to claim 
1 vdierein said ratio is about 1:1:1: » 

4* A pharmaceutical pr^aration according to claim 
15 r..^ 1 in unit dosage form* 

5^ A ^larmaceutical pr^araticffi according to claim 
1, \dierein said mammal is man* 

6^ A pharmaceutical preparation for use in the 
treatmeit of stress or injury in a mammal, 
20 couprising said amino acid composition in 

pre-measured unit dosage amounts in a container 
adapted to receive a unit dosage volume of water. 

7*. A p h a rm aceutical preparation for use in the 
treainnent of stress or injury in a msnmal/ 

25 CQn^arising an aqueous amino acid solutiOT, 

^Aerein the amino acids are fron about 70 to 
100% valine, leucine, and isoleucine, 
collectively, in a ratio of A:B:C, where A, B 
and C each indepoiidently has a value from about 

30- • i to 2* 
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A pharmaceutical preparation according to claim 
7 herein said amino acids are about 100% valine r 
leucine, and isoleucine, collectively* 

A ^larmaceutical preparation according to claim 
7 \^rein said ratio is about 1:1:1. 

A pharmaceutical preparation according to claim 
7 vAerein the total amino acid concentraticM is 
frcrn about 2 to 6%. 

A pharmaceutical preparation according to claim 
7 wherein the total amino acid concentration 
is about 4%« 

A pharmaceutical preparation according to claim 
7 in dosage unit form. 

13«. A pharmaceutical preparation accordixsg to claim 
15 12 conprising a unit module adapted for direct 

connection to intra-venous tubing. 

14. A pharmaceutical preparation according to claim 
13 r comprising 500 ml of said solution. 

15. A pharmaceutical preparation according to claim 
20 7 \^rein said mammal, is man. 

16. A pharmaceutical preparation for parenteral 
infusion for use in the treatment of stress or 
injury in man, conprising an aqueous amino acid 
solution; \^rein the total amino acid 

25 concentration is about 4%, and wherein the 

amino acids are about 100% valine/ leucine/ and 
isoleucine, collectively/ in ratio of about 



10. 



11- 



10 



12- 
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1:1:1^ which is pcesaited as a unit zccdule 
ad^Tted for direct connectiai to 
iittrarvenous tubing, 

IT,. A phamacaitical preparation for use in the 
5 treatment of stress or injury in a ssmnal/ 

a.int>L i3ing anli^drous amino acids in pre-measure 
unit d o sa g e a mou n ts in a container adapted to 
receive a unit dosage volume of water, wherein 
said amino acids are from about 70 to 100% 
10 valine, leucane, and isoleucine, collectively, 

in a ration of A:B:C:, where B and C each 
independently has a value, fron about 1 to 2. 



18- A method of treatment of a mamnaal suffering 
stress or injtary, during periods of partial or 

15 total disuse or <^sfunctic5i of the 

gastrointestinal tract, caiiprisin g alimination 
via parsntsral or mtsal prgm-tnn g i r j e tton of an 
■ '■ * anti-stress or* anti-injury effective amount of 
a pharma ceut i c al preparation caiiprl sing an amino 

20 acid compo sition wherein the amino acids are 

fccm about 70 to 100% valine, leaacine^ and 
isolaicine, collectively, in a ratio of A:B:C 
where A, B, and C each independently has a value 
fron about 1 to 2. 



25 19, A mertbod according to claim 10 wherein said 

p harmace utical preparation oorprises an aqueous 
amino acid solution wherein the total amino acid 
ooncsntratian is from about 2 to 6%, 



20. A method according to r>iaT> 19 viierein the 
30 total amino acid concentration is about 4%, and 

wherein the. amino acids are about 100% valine^ 
leu ci ne and isolaocine, collectively , in a ratio 
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o£ about and wherein said phannaceutical. 

preparation is presented in unit dbsage form 
as a unit module adapted for direct connection 
to intrarvenous tubing. 

A niei±od according to any oae of claims 18 to 
20 further conprising/ substantially 
simultaneously to said adcoinstration/ the 
develppnent or maintenance of a metabolic state 
simulating caloric starvation/ by substantially 
withholding exogenous carbohydrates and 
maintainihg a negative caloric balance. 
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PROTEIN SYNTHESIS RATES OF INDIVIDUAL TISSUES 
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